Acacia senegal (L.) Willd is an African arid and semi arid zones, leguminous multipurpose tree species belonging to the subfamily Mimosoideae, family Fabaceae and subgenus Aculeiferum, highly valued for gum arabic production. Patterns of genetic diversity of this important species in Kenya have not been studied for efficiency of germplasm utilization, conservation and improvement. Four natural populations of A. senegal in Kenya (Bulla Sambul, Kutulo, Wamba and Meisori) were analyzed to estimate genetic variation among and within populations, by use of ISSR (Inter-simple sequence repeat) markers. Using five primers, 17 polymorphic loci were observed, ranging in size from 564bp to 983bp. A high mean total genetic diversity index for the species was observed (H = 0.27). The principal coordinates analysis (PCoA) of the 95 samples from the four populations showed that about 40.75 % of the total variation was described by the first two axes with much overlap among populations; hence populations were not defined on the basis of geographic distance. Much of the genetic variation resided within the populations based on the coefficient of gene differentiation (Gst = 0.0573) and Analysis of Molecular Variance (AMOVA) (95 %). It was therefore recommended that selection for the desired important economic traits for improvement and conservation should emphasize on individual trees within populations rather than among populations, and also ensure a comprehensive coverage of the entire ecological amplitude of the populations.
Introduction
Acacia senegal (L.) Willd is a leguminous multipurpose African tree species belonging to subfamily Mimosoideae, family Fabaceae. It is a deciduous shrub or tree which grows to 2-15 m tall with a flat or rounded crown (MAUNDU et al., 1999) . Based chiefly on characters of the seed and seedlings, absence of stipular spines (but prickles present) and pollen characters, the species has been classified in the subgenus Aculeiferum (ARCE and BANKS, 2001) .
A. senegal is highly valued for centuries for gum arabic production, which is used in food, pharmaceuticals and other industries in USA and Europe (ICRAF, 1992) . Gum arabic is approved for use as food additives by the US Food and Drug Administration and is on the list of substances that are generally recognized as safe (DONDAIN and PHILLIPS, 1999) . Other uses include soil fertility restoration by way of atmospheric nitrogen fixation, provision of wood for fuel, local construction and poles for fence posts. Fiber from the root bark is used to make ropes and fish nets (NAS, 1984) . In addition, the species seeds are used as vegetables by humans while pods and leaves provide fodder for livestock (FAO and UNEP, 1983) . The species is also used in agroforestry systems and in desertification control through sand dune stabilization and as wind breaks (COSSALTER, 1991) .
Acacia senegal extends over a wide ecological range. It is widespread in tropical and sub tropical Africa. The zone in which the A. senegal tree grows is known as the gum arabic belt, with the altitude ranging between 100-1950 meters above sea level (masl) (MAUNDU et al., 1999) . The species is drought resistant growing on sites with annual rainfall of 100-950 mm, but mainly between 300-400 mm and 5-11 months of dry periods. It tolerates temperatures of up to 45°C or more, dry winds and sand storms (MAUNDU et al., 1999) . The tree species is adapted to dry tropics and performs well on poor soils (BOER, 2002) .
In Kenya, the A. senegal tree grows on Homa hill in the rift valley, Lokitaung and Mutha hill in dry Acacia commiphora bush land in dry areas. High densities and sometimes pure stands of this species have been found in parts of Turkana and Baringo districts. The tree is also spread in Samburu district and North Eastern Province in Garissa and Wajir districts (MAUNDU et al., 1999) . There is currently a great interest among Kenyan farmers to grow A. senegal on a commercial basis due to its many uses and particularly for gum arabic production for export. Therefore, in order to make Acacia senegal farming in Kenya a commercially viable enterprise, there is urgent need to conduct genetic diversity assessment of the species throughout its natural habitats in the country.
The diversity of environmental conditions, especially moisture, under which A. senegal occurs naturally suggest that there is a great genetic variability among the populations of the species (BRENAN, 1983) . FAGG and ALLISON (2004) based on sources of origin has also been reported within Kenyan populations of the species (CHIKAMAI and ODERA, 2002) . The understanding of the genetic variation under these varying environmental conditions is therefore imperative for development of any strategy for germplasm collection, management and conservation, domestication and improvement of the species' genetic resources (OLEGHE and AKINOUFESI, 1992) .
Molecular and biochemical techniques provide a powerful set of tools for the study of plant population genetics (BARDAKCI, 2001) . The study of genetic diversity of A. senegal using isozymes in the West African provenances revealed little variation (BOER, 2002) . However, in most plants, isozyme variation is limited by both the numbers of polymorphic enzyme systems and loci that can be analyzed. Data from RAPD studies in plant species usually showed similar or greater diversity than from allozymes (ESSELMAN et al., 1999 (ESSELMAN et al., , 2000 . The former often prove more variable than the latter. For example, no allozyme variation was found in some species of Dendroseris although RAPD diversity was detected (ESSELMAN et al., 2000) . ISSR is a RAPD-like technique that shares the simplicity of RAPD markers but uses longer PCR primers; hence, it is more reproducible than the original RAPD method. The primers may also be anchored at the 5' or 3' end with a few nucleotides to increase specificity of priming. Because of greater length of ISSR primers, they may show greater repeatability and stability of map position in the genome when comparing genotypes of closely related individuals (ZIETKIEWICZ et al., 1994) . The technique generates larger numbers of polymorphisms per primer because variable regions in the genome are targeted (HANTULA et al., 1996; MONDAL, 2002) . Accordingly, ISSRs have been widely used to detect polymorphisms, analyze phylogenetic relationships and evaluate the variation within and among landrace mixtures (WOLFE and LISTON, 1998; CAMACHO and LISTON, 2001; NAN et al., 2003) . However, the use of ISSR markers for research on A. senegal population genetic diversity has not been reported in Kenya.
In this paper, we estimated the genetic diversity of four populations of A. senegal in Kenya using ISSR technique to provide a guide for effective management and selection of economically important traits for domestication and improvement of this multipurpose African tree species.
Materials and Methods

Plant material
Sample collection was carried out in four districts of Kenya: Wajir district (Kutulo population), Garissa district (Bulla Sambul population), Samburu district (Wamba population) and Baringo district (Meisori population) ( Figure 1 and Table 1 ), representing the major regions where the species is found in Kenya and utilized effectively for agroforestry and gum trade.
Systematic sampling design was employed where a distance of 300-500 m was established along an imaginary path created for the purpose of the research across the population. The path acted as a line transect from one sampling point to the other within a population. A distance of 50-100 m left and right of the path into the tree stand was then established. The tree which was near to the established distance was selected for sample collection. This was purposely done to avoid sampling closely related individuals. Two trees were sampled at every sampling point, one from each side of the path. In total, the samples represented four populations, 19 samples from each of the Bulla Sambul, Kutulo and Wamba populations, and 38 samples from the Meisori population. Young healthy leaf samples were picked from every sampled tree for eventual DNA analysis in the laboratory. In total, 95 samples were analyzed for molecular work. Chiveu et. al.·Silvae Genetica (2009) 58-1/2, 20-28 Total DNA extraction DNA was isolated from 0.5 g of the fresh leaf material using the modification of the CTAB method of FAO/IAEA (2002) as follows: Approximately 0.5g of the leaf samples was weighed into the 1.5 ml microcentrifuge tube and the tube put into liquid nitrogen. Grinding was then done quickly but carefully to a fine powder by use of grinding rods, not allowing the tissue to thaw. About 100 mg of polyvinylpolypyrrollidone (PVPP) was added to the leaf powder to remove polyphenolic compounds. Six hundred microlitres (600 µl) of 1.5 % CTAB extraction buffer (100 mM Tris HCL, pH 7.5; 1.4 mM EDTA, pH 8.0; 1.5 % CTAB) preheated at 60°C in a water bath and then 0.75 µl of β-mercaptoethanol added to it, was then added to the leaf powder. This was then followed by vortexing and the solution incubated with gentle agitation at 60°C for 20 minutes in a water bath. The solution was then left to cool down to room temperature, then one volume chloroform: isoamyl alcohol (CIA) (24:1) was added and mixed well to denature the proteins in the suspension. Centrifugation was then done using a Hermle microcentrifuge; model Z-252M at 3,000 rpm for 25 minutes. The upper aqueous phase was then transferred to a fresh 1.5ml microcentrifuge tube into which 60 µl of 10 % CTAB initially incubated at 65°C was added and thoroughly mixed. Six hundred microlitres (600 µl) of Chloroform: isoamylalcohol (24:1) was again added and then shaking was done for 20 minutes at room temperature. Centrifugation then followed at 3,000 rpm for 25 minutes. The upper, supernatant phase was then transferred to a fresh, new 1.5ml microcentrifuge tube into which 2/3-volume isopropanol was added and mixed gently to precipitate the total nucleic acids. After a few minutes, the precipitate DNA was seen suspended in the solution. The precipitate DNA was collected by centrifugation at 5,000 rpm for 20 minutes. The liquid was drained carefully and the pellet washed twice with 70 % ethanol by centrifugation at 5,000 rpm for 5 minutes. The ethanol was then drained and the pellet remaining at the bottom of the tube dried on the bench for 3 hours. The pellet was then suspended in 100 µl NaCl TE and incubated in a water bath at 55°C overnight.
Purification of the extracted DNA
Purification was also done according to the method of FAO/IAEA (2002) as follows: the RNA which was co-precipitated with DNA was removed by digestion with Ribonuclease A (RNase A) as follows: A stock solution of RNase A (10 mg/ml) was prepared in Tris buffer (TrisHCl, p.H. 7.5; 1 mM NaCl), and an aliquot of 2 µl added to each DNA sample. The sample was then incubated at 65°C for 3 hours to allow for complete digestion of the RNA. Further purification was done by precipitating the DNA by adding 250 µl, 96 % ethanol and left overnight at -20°C. The suspended DNA was then centrifuged in a microcentrifuge (Hermle, model Z-252M) at 7,000 rpm for 15 minutes and the liquid drained carefully. The pellet was again washed with 70 % ethanol and centrifuged at 7,000 rpm for 5 minutes and then ethanol was drained and the pellet air-dried on the bench for 3 hours. The pellet was then suspended in 100 µl sterile distilled water (SDW) and incubated at 55°C overnight.
The DNA quantity and quality (intactness) was visually quantified using the agarose gel electrophoresis method as described by MANNIATIS et al. (1982) . Uncut, unmethylated Lambda (λ) phage DNA was used as the standard. A working stock of λ DNA (20 ng/µl) was prepared and used for quantification of A. senegal DNA extracts. Different concentrations of λ DNA (40-200 ng) were electrophoresed with the test DNA samples (5 µl), on 1.5 % agarose in 1 X TBE running buffer (89 mM Tris-HCl, pH 8.0; 89 mM Boric Acid; 2.5 mM EDTA) at a constant voltage of 50V for 40 min. After electrophoresis, the gel was stained in ethidium bromide (0.1% w/v) before viewing under ultraviolet light (312 nm) on a transilluminator. The concentrations of the samples were determined by comparing band sizes and staining intensities of the test DNA samples with those of the standard λ DNA. The DNA samples were then standardized to concentrations of between 10-30 ng/µl by appropriate dilutions using sterile distilled water.
A total of 14 ISSR primers (anchored at the 3' end) were screened for polymorphism, reproducibility and their capacity to differentiate among the four populations of A. senegal. Eventually, only five best performing ISSR primers were chosen for use in this study based on the above-mentioned requirements ( Table 2) .
ISSR PCR amplification
DNA amplification reactions were performed in a total volume of 10 µl, each containing 40 ng template genomic DNA; dNTPs (dATP, dCTP, dGTP and dTTP mixture) at 100nM final concentration; 200 nM oligonucliotide primers (Operon Technologies, USA) anchored at the 3' end; 1 X Taq DNA polymerase buffer, 2.5 mM MgCl 2 ; and 0.5 units of Taq DNA polymerase (Amplitaq Gold, Perkin Elmer, USA). Reactions were set in 0.2 ml PCR tubes with a mineral oil overlay. Each PCR run included a negative control of sterile distilled water. The amplification was then performed in a thermocycler (Techne PHC-3, UK). The thermocycler was programmed as follows: one cycle of 94°C for 5 minutes (Hot start step); 40 cycles of 94°C for 30 seconds (denaturation step), 52°C for 45 seconds (primer/template annealing step), 72°C for 2 minutes (polymerization step); and a final extension phase of 10 minutes at 72°C (WILLIAMS et al., 1990) . The PCR samples were mixed with 3 µl of gel loading dye (50 % Glycerol, 250 mM EDTA (pH 8.0), 0.01% Bromophenol blue) and separated by electrophoresis on 1.5 % agarose gels in an electrophoretic tank containing 1 X TBE both as running and gel buffer. The running voltage was 150 volts for three hours. The agarose gels were then stained in Ethidium Bromide (50 µl of 10 mg/ml solution in 1litre 1 X TBE buffer) for 45 minutes, and visualized and photographed on a UV transilluminator at 312 nm.
Data analysis
Only intensely stained unambiguous polymorphic bands were scored for presence (1) and absence (0). Scoring was carried out twice to ensure correct typing. The binary matrix data file created was then configured as an input file for data analysis. NEI's (1973) gene diversity index (H), mean number of alleles per locus (A), percent of polymorphic loci (P), coefficient of gene differentiation (Gst) and genetic distance (D) for each population was derived using POPGENE 3.2 software (YEH et al., 1999) assuming Hardy-Weinberg equilibrium. PCoA via distance matrix with data standardization for the 95 samples was derived using GenAlEx software (PEAKALL and SMOUSE, 2006) . The data matrix was also subjected to AMOVA to partition the genetic variation within and among the populations using GenAlEx software (PEAKALL and SMOUSE, 2006) .
Results
Genetic variation in A. senegal
The best 5 ISSR primers produced a total of 17 polymorphic bands with an average of 3.4 polymorphic loci/primer. The product sizes ranged from 564 bp for primers 808, to 983 bp for primer 813. The largest number of polymorphic bands was amplified by primer 810 (5 bands), while the least was amplified by primer 813 (2 bands) ( Table 2) . Table 3 shows the percent polymorphic loci (P), mean observed number of alleles per locus (A) and Nei's genetic diversity index (H). The percent polymorphic loci (P) ranged from 77.8 % for the Wamba population to 94.4 % for the Meisori population. Similarly, the mean observed number of alleles per locus (A) was highest within the Meisori population (1.94) while the Wamba population showed the least variation (1.78), with the Bulla Sambul and Kutulo populations having intermediate values.
The mean for observed number of alleles per locus for the populations was 1.86. The similar pattern was repeated in the gene diversity index (H) which was least in the Wamba population (H = 0.25) and highest in the Meisori population (H = 0.30). The mean gene diversity index for all the populations was 0.27.
Genetic differentiation
The estimated Gst was 0.0573, indicating that 5.73 % of the total variation existed among the populations while the majority (94.27 %) of the variation resided within the populations (Table 4) . Similarly, the AMOVA performed on the 95 samples for the four populations revealed that 5 % of the variation was apportioned among the populations while 95 % resided within the populations ( Table 5) . Though both the diversity partitioned components (i.e. between and within populations) were statistically significant, the data suggested that most of the genetic diversity in A. senegal occurs within populations. Table 6 . Genetic distance ranged from 0.009 between the Meisori and Wamba populations to 0.034 between the Wamba and Bulla Sambul populations with an overall population (PEAKALL and SMOUSE, 2006) , showed that about 40.75 % of the total variation was described by the first two axes (Figure 2) . This analysis indicated a lot of overlap among the populations to the extend that they could not be separated on the basis of geographic distances. For example, the Meisori population from the Baringo district overlaps extensively with the rest of the populations.
The matrix of Nei's unbiased measures of genetic distance (D) (NEI, 1978) is presented in
Discussion
The Nei's gene diversity index (H) in this study ranged between 0.25 in the Wamba population to 0.30 in the Meisori population with a population mean of 0.27. This was generally higher than that obtained in other acacias. In a similar study using RAPD markers, CASIVA et al. (2002) obtained H values of 0.045 and 0.121 in Acacia aroma and Acacia macracantha respectively. Lower values of H were also obtained by CASIVA et al. (2004) using RAPD markers in Acacia caven (H = 0.141) and Acacia furcatispina (H = 0.045). The H value obtained in this study was also higher than that obtained in other acacias using isozyme markers: A. auriculiformis (H = 0.146) and A. crassicarpa Table 4 . -Estimates of the coefficient of gene differentiation (Gst) across different loci using ISSR primers in the four populations of A. senegal studied. Gst = (Ht -Hs)/Ht, where, Ht: total genetic diversity for the species, Hs: mean heterozygosity within populations. Nei's (1978) The average number of alleles per locus (A) (1.86) was less than that reported for F. albida (2.5) (DANGASUK and GUDU, 2000) , and 3.02 reported by JOLY et al. (1992) for F. albida. It was however higher than that reported by CASIVA et al. (2002) in A. aroma (1.2) , A. macracantha (1.2) and A. caven (1.3) .
The high level of genetic variation of A. senegal in this study based on the gene diversity index (H) and percent polymorphic loci (P) is consistent with its wide geographic range as was also the case with other acacias, since they occupy various habitats and encounter a variety of selection pressure. The most genetically variable population based on the mean number of alleles per locus (A), percent of polymorphic loci (P) and gene diversity index (H) values was Meisori. This could be as a result of climatic influence. According to OLEGHE and AKINOUFESI (1992) , the diversity of environmental conditions, especially moisture, under which A. senegal occurs naturally suggest that there is a great genetic variability among populations of the species. The Meisori population receives much rainfall (650 mm annually) as compared to the other three populations which receive 320 mm, 350 mm and 475 mm for Kutulo, Bulla Sambul and Wamba populations, respectively. BRAIN (1985, 1989) , in a study of leaf peroxidase variation in South African populations of A. karroo, revealed interesting patterns of variation among them, suggesting the existence of distinct geographic races and the correlation of isozyme phenotypes with environmental factors such as low temperature and rainfall. Accordingly, DANGASUK et al. (2002) reported greatest genetic diversity in populations of Faidherbia albida located in areas of between 500 mm and 1000 mm annual rainfall. The genetic diversity increased with an increase in annual rainfall, with the peak genetic diversity being at 650 mm, and this seems to apply to A. senegal as well. The Meisori population is also widespread and extensive and occurs in pure stand (MAUNDU et al., 1999) , which supports the notion that tropical trees, especially those that are wide spread and occur at high densities maintain a high level of genetic diversity (HOUSTON and HOUSTON, 1993 ).
The Bulla Sambul and Kutulo populations have near similar environmental conditions and population densities which could be the possible reason for their near similar genetic diversity indices. Based on gene diversity index (H), percent polymorphic loci (P) and mean observed number of alleles (A), the two populations could be said to be highly varied in comparison with the earlier mentioned studies. The Wamba population also occurs in a homogenous environment, though climatic conditions differ from those of Bulla Sambul and Kutulo, but the variation seems to fall within the same range. The A. senegal in Kenya naturally occurs in Arid and Semi Arid Lands (ASALs) comprising of the savannah grasslands. These environments normally experience intensive natural selection pressure to ensure survival and adaptation to the harsh environmental conditions of the Sahel region (ZOBEL and TALBERT, 1984; BURLEY et al., 1986) which might have led to the high genetic diversity. In addition, the animal form of seed dispersal, common in the Sahelian region (CORBASSON et al., 1985; HAMRICK and GODT, 1989) , might have contributed to greater genetic diversity as a result of bringing together genetically different seed materials from various sources (FERNANDEZ et al., 1996) .
Based on the Gst, most of the genetic variation in A. senegal resided within populations (94.27 %). Similar- Chiveu et. al.·Silvae Genetica (2009) 58-1/2, 20-28 ly, the AMOVA for the 95 samples showed high within population variation of 95 %. Therefore, A. senegal maintains a high level of genetic diversity within populations, as expected of an outcrossed, widespread species. Generally, acacias are highly diverse compared to other species including gymnosperms and conifers (MCDONALD and MASLIN, 2000) . These results concur with those reported by OLNG'OTIE (1992) in A. tortilis subspecies heteracantha of which 24 % of the variation existed among the populations while 76 % resided within the populations, and in A. raddiana where 11% of the variation was found among the populations while 89% within the population. Similar results were also reported by CASIVA et al. (2004) in A. aroma and A. macracantha with 90.69 % and 84.56 % of the variation residing within the population, respectively and also by PLAYFORD et al. (1993) in populations of A. melanoxylon, for which 87.32 % of the genetic diversity was found within populations.
The genetic distance (D) (NEI's, 1978) showed no clear cut differentiation of the populations of this species. The genetic distance ranged from 0.009 between the Meisori and the Wamba populations to 0.034 between the Wamba and the Bulla Sambul populations, with a population mean of 0.021. Such small genetic distances were also recorded by CASIVA et al. (2004) in A. macracantha (0.004) and A. aroma (0.048), also CASIVA et al. (2002) in A. caven (0.07) using RAPD markers. The genetic distance data was supported by the PCoA clustering of the individual trees in which there was a lot of overlap among the populations, with no clear cut geographic boundaries. For instance, the Meisori population spread extensively across the two axes, suggesting that it might be the centre of diversity for the Kenyan A. senegal populations.
According to HAMRICK and GODT (1989) and MAC-DONALD et al. (2001) , most genetic variation in plant species reside within populations, which is consistent with the results of this study. High levels of genetic variability, such as those observed in the present study, may be related to mating system and geographic distribution of the species. Species with outcrossed mating system and a wide geographic range have higher levels of genetic diversity than do selfer and endemic species. Likewise, species whose seeds are dispersed by animal ingestion or by wind maintain high levels of within-population genetic variability (HAMRICK and MURAWSKI, 1990; WACHIRA et al. 2001) . Except for wind pollination, A. senegal exhibits all these traits and is thus expected to maintain a high level of genetic diversity both at the species and population levels.
The relevance of using dominant markers for assessing genetic diversity within and among individuals, within a considered area (usually much smaller than the species range), especially lies in providing ordination plots of individual genotype distances, clusters of (sub)populations on the basis of their averaged genetic distances, analysis of molecular variance within and between populations relative to the total, statistics and analogues tested by random permutation (TRIEST, 2008) . In a recent review by TRIEST (2008) , the sample size has an important influence on the interpretation of dominant markers especially when using small sample sizes, ranging from 4 to 20 per site, for conducting large-scale studies across oceans. For instance, ISSRs have often been used for the comparative study of genetic variability of mangrove populations across large geographical ranges. Despite the often low sample size of a population (10-20 individual mangrove trees), when pooled into regions, significant differences in genetic diversity estimates between regions were obtained. When the distribution area of a species is not fully covered, or with low sample size, and only distant populations across continents are compared, then the expected outcome with dominant markers is that, clearly divided clusters per geographic region will be obtained (TRIEST, 2008) . Sampling precautions should therefore be taken in future, especially when carrying out a comprehensive comparative study on the genetic diversity of A. senegal across its entire distribution range in Africa. This will help avoid unnecessary geographical structuring of the populations which affects interpretation of the results.
The ISSR data was able to reveal the high level of genetic diversity within, and the lack of clear differentiation between Kenyan populations of A. senegal. The high within population genetic variation observed concurs with the species' outcrossed mating system, wide geographic range and animal mediated form of seed dispersal mechanism, as would be expected. The most variable population for all criteria was Meisori followed by Bulla Sambul, Kutulo and then Wamba. In conservation terms, the high level of within population genetic diversity is considered to be encouraging because genetic diversity and fitness are often considered to be positively correlated (REED and FRANKHAM, 2003) . It can therefore be concluded that, rapid genetic gain could be attained through selection of individual trees within populations, which should also ensure a comprehensive coverage of the population's ecological amplitude.
